surface properties and particle size. The hydrodynamic diameter of the nanoparticles used here varies between 80 and 120 nm.
Introduction
Superparamagnetic iron oxide nanoparticles (SPIONs) are used, for example, as tracer material or contrast agent for medical imaging [1] . They are injected into the region of interest for this purpose. The distribution of SPIONs in the tissue and biological material is strongly influenced by ammonia. The reaction occurs in the presence of the coating material, e.g. dextran, and under influence of heat.
Ammonia is highly soluble in water and forms hydroxide ions (OH − ). The following reaction takes place:
(1)
The reaction to form iron hydroxide takes place under ice cooling at 0-10 °C. The Ammonia is added drop by drop to dissolve the iron salts. (2) It is important that the reaction temperature does not rise above 15 °C in this phase of the reaction. After completely draining the ammonia, the solution is heated to 80 °C for 30 minutes. Within the 30 minutes magnetite Fe 3 O 4 coated with dextran is formed in a condensation reaction.
(3)
After the nanoparticles have formed, they are dialysed against distilled water to remove the ammonia [9] .
Two methods are in principal available for coupling the nanoparticles with a fluorescent dye. In the first method, the particles are produced as described above and then coupled with a dye. The second process first couples the dye with the coating material, and then uses this labelled dextran to synthesize the nanoparticles. For the here presented particles the second method was used.
Two dyes with biocompatible abilities have been selected for the fluorescence labelling. The dyes used here are fluorescein isothiocyanate (FITC) and rose Bengal (Fig.  1) .
Two different methods were used for coupling the dyes. For FITC labelling, the dextran (molecular wight 70.000) and FITC are dissolved in dimethyl sulphoxide and the reaction is accelerated with two catalysts, namely Dibultyltin dilaurate and a few drops of pyridine. This process is a transesterification and is performed at 95 °C [10] . The result is a stable thiocarbamoyl linkage and shown in Fig. 2 For labelling dextran with the dye rose Bengal the Steglich esterification was used. A carboxylic acid (in this case, the dye) forms a carboxylic acid ester with an alcohol when water is removed [10] .
The so-called Steglich catalysts dicyclohexylcarbodiimide (DCC) and 4-(dimethylamino)-pyridine (DMAP) are used, with dichloromethane or chloroform serving as solvents.
Encapsulation of f-SPOINs in human RBCs by using hypotonic swelling
The erythrocytes (RBCs) are loaded with fluorescence dyes labelled nanoparticles (f-SPIONs) produced by the synthesis method described in 2.1. To introduce these f-SPIONs into the RBCs, the hypotonic swelling method is applied [11] . This method is performed in three steps. The first step is to isolate the RBCs from freshly extracted blood by centrifugation at 1400 g for 10 minutes. The serum is removed and the RBCs are washed three times with hepes buffer, consisting of hepes, sodium chloride and glucose.
In order to achieve a hematocrit level of 70 %, 0.3 ml of hepes buffer is now mixed with 0.7 ml of centrifuged and washed RBCs. Then 1:1 f-SPIONs (1 ml) are added to this mixture [5] .
The second step involves dialysis, in which the RBCs swell to an extent that allows the nanoparticles to enter the cell through the pores of the cell membrane. For this purpose, the nanoparticle-RBC-mixture is filled into a dialysis tube with 12-14 kDa-Cutt-off and dialyzed in the dialysis buffer for 75 minutes [12] . To remove excess unencapsulated f-SPIONs, the cells are centrifuged at 400 g and washed four times with hepes buffer, as already described in step one [5] . The various steps of the applied procedure are shown schematically in Fig. 2 . From left to right, this representation describes an unprocessed red blood cell (a) to which the f-SPIONs are added (b). Through hypotonic swelling, the particles can enter the blood cell through the open pores of the cell membrane (c). In the next step, the PIGPA is added and the cells are incubated, causing the pores of the membrane to close again (d). There should be no free f-SPIONs left after four washing procedures (e).
To check how successful the individual steps in washing out the unencapsulated particles were, all fractions were measured with MPS.
Results and Discussion
The results of the insertion of f-SPIONs into the RBCs have been evaluated with three different methods. 
TEM
The images reveal that the erythrocytes are loaded with a few f-SPIONs. However, they are not randomly distributed in the cytoplasm, but are located in vacuoles. This fact indicates that the pores of the blood cell membrane have not opened far enough and the particles have entered the cell through an invagination process.
However, since f-SPIONs are in the RBCs, encapsulation can still be considered successful.
MPS
And as measurements with the magnetic particle spectrometer (MPS) indicate, the loaded RBCs show a magnetization behaviour that makes them suitable for imaging. The graph in Fig. 5a shows the harmonics of the nanoparticles. The magnetization curve is shown in Fig. 5b , which performs a sigmoidal curve typical of superparamagnetism. The measured harmonics and the magnetisation of the loaded RBCs in comparison in with pure RBCs. Hypotonic swelling is a method of encapsulating nanoparticles into red blood cells. The aim is to swell the cells in a dialysis fluid and open their pores so that the superparamagnetic nanoparticles can enter them. In an incubation cabinet, the pores are to be closed again in the next step and the particles are to be encapsulated.
Fluorescence Microscopy
The images of the TEM and the fluorescence microscope showed that the method was successfully applied, but the nanoparticles were too large to directly cross the membrane, but were encapsulated only by invagination.
Nevertheless, the RBCs carry good magnetisation properties, measured in an MPS. The results show that they would be suitable for MPI or MRI.
Future experiments should aim to reduce the particle size or increase the pores of the cell membranes and in addition, the osmolarity has to be adjusted to this experiment. 
